Objective: Stroke is a rapid onset of focal or global loss of cerebral function and is the most common cause of mortality and morbidity in adulthood cancer and heart disease patients. Although it has been reported that mean platelet volume (MPV) values may be an independent risk factor for the severity and prognosis of stroke, the results of previous studies are inconsistent. The aim of the present study was to determine the MPV values of ischemic stroke patients which reflects the activity and function of platelets and to observe its effect on clinical outcomes.
Introduction
Stroke is a rapid onset of focal or global loss of cerebral function and is the most common cause of mortality and morbidity in adulthood following cancer and heart disease patients (1) . The prognosis of stroke varies from complete recovery in a couple of days to death. The incidence and mortality rate of stroke increases with age. The annual incidence of stroke was found to be 1.7-3.6/1000 in people aged between 55-64 years, 4.9-8.9/1000 in people aged between 65-74 years and 13.5-17.9/1000 in people over the age of 75 (2) . With an aging population, stroke becomes a leading health problem in Turkey. Stroke is expected to increase exponentially in the coming years due to the progressive aging of population and also increasing prevalence of risk factors for stroke such as hypertension, diabetes, and obesity. Better understanding the effects of stroke-related risk factors on mortality and morbidity may help us to determine diagnosis, treatment, and prognosis of stroke.
Stroke is divided into two categories as ischemic and hemorrhagic. In a previous study conducted in Turkey, the rate of ischemic stroke was found to be 71.2% and the rate of hemorrhagic stroke was found to be 28.8% (3) .When blood flow falls below a critical level, substrates such as oxygen and glucose begin to deplete in the brain tissue, and necrosis develops as neuron death occurs. Ischemic stroke develops as a result of atherothrombotic, embolic or hemodynamic processes. The atherothrombotic process, which includes fibrin production, platelet activation and disruption of fibrinolysis, plays an important role in the development of ischemic stroke (4) .
Platelets are involved in hemostasis, thrombosis and coagulation processes. Circulating platelets are heterogeneous in size, density, and reactivity, and large platelets are more active metabolically and enzymatically (5) . Large platelets produce a greater number of prothrombotic factors such as β-thromboglobulin, thromboxane B2, serotonin, glycoprotein IIIA, and P-selectin, and they are more prone to aggregate. Mean platelet volume (MPV) shows platelet size and it is an indicator of platelet function and activation. MPV levels have been studied in many pro-thrombotic and pro-inflammatory diseases and it has been reported that MPV could be an indicator that can be used to diagnose diseases such as acute cerebral ischemia and transient ischemic attack (6, 7) . Despite the inconsistent results, previous studies conducted on stroke patients concluded that MPV may be an independent risk factor related to the severity and prognosis of the stroke.
In this study, we aim to determine the MPV values of acute ischemic stroke patients, which are indicative of activation and function of platelets and to examine the effects of MPV on the prognosis of ischemic stroke.
Material And Methods
The present study was designed as retrospective cohort study. Between January 2013 and May 2018, 62 patients who were admitted to the Emergency Clinic of Yeniyüzyıl University Faculty of Medicine, Gaziosmanpaşa Hospital with first or recurrent cerebral acute ischemic stroke and treated in the adult intensive care unit, were included. Systemic and neurological examination findings and the results of computerized brain tomography, electrocardiography, echocardiography (Echo) and carotid vertebral doppler ultrasonography of patients were obtained from patients' files. The results of Trans Esophageal Echo, cranial magnetic resonance imaging and cranial angiography were recorded as necessary in some cases. Demographic information and information about concurrent diseases such as hypertension, diabetes mellitus, chronic obstructive pulmonary disease, coronary artery disease, atrial fibrillation, and chronic renal failure were also recorded. In addition, clinical information such as the affected brain region and length of hospitalization were also obtained from the patients' files.
Patients with a history of acute or chronic infectious disease, hematological disorders (hemoglobin >16.5 g/dL, thrombocytopenia, anemia, myeloproliferative disorder), cancer, autoimmune or metabolic disease, thrombosis, drug use, bone marrow disease, hypersplenism were excluded from the study. Also, pregnant patients and acute ischemic stroke patients whose MPV values were not determined at the time of admission were excluded.
Biochemical Measurements
We collected 5 mL blood samples from patients' antecubital veins at the time of admission and at the time of discharge. For complete blood count, tubes containing EDTA were used. For Troponin-T and C-reactive protein (CRP) measurements, blood samples were collected into tubes containing clot activator gel and were centrifuged for 10 minutes at 4000 rpm for serum separation. Biochemical parameters were measured within 1 hour after blood collection. MPV, platelet count, white blood cell count (WBC) and neutrophil count values were obtained by complete blood count analysis. The results of complete blood counts were obtained by using the same SYSMEX XN-2000 analyzer which uses the laser flow cytometry scattergram technique and routinely checked. CRP was measured by immunoturbidimetric method using Rochec501 device with the kit of the relevant company. Results greater than 5 mg/dL were considered as high level. Troponin-T levels were measured by using Roche Diagnostic Troponin-T kit according to the sandwich principle (ELISA) in the Roche c601 device.
Statistical Analysis
All statistical analyses were performed by using SPSS (Statistical Package for the Social Sciences) version 21.0 (SPSS Inc., Chicago, IL, USA). The conformance of quantitative data to normal distribution was checked by using the Shapiro-Wilk test. The descriptive statistics of the variables corresponding to the normal distribution were given as mean ± standard deviation, and the other variables were given as median (minimum-maximum value). Descriptive statistics of qualitative variables were given as frequency and percentage. Intergroup comparisons of white cell, platelet and neutrophil variables suitable for normal distribution were performed by using t-test in independent samples. The values of the MPV variable, which were suitable for the normal distribution, were evaluated by two-way ANOVA analysis of variance in repeated measures. Age, length of stay, CRP and troponin variables that were not suitable for normal distribution were analyzed by using Mann-Whitney U test. Chi-square test was used to analyze the categorical data. P values equal to or under 0.05 were considered as statistically significant.
Results
Of those 62 patients, 28 (45.16%) were females and 34 (54.84%) were males. Participants were aged between 43 and 92 years. The mean age of the patients was 72.4±12.6 years. At the end of the study, 28 patients were discharged and 34 patients died. The survival rate was not associated with age and with gender (p>0.05) ( Table 1) . A concurrent disease was found in 59 patients (26 discharged patients and 33 deceased patients). There was no association between having an additional disease and survival (p=0.585). Twenty-two of 38 hypertension patients were deceased. Survival rates between hypertension patients and nonhypertension patients were not significantly different (p=0.729). Atrial fibrillation was detected in eight patients. Seven of atrial fibrillation patients died. Having atrial fibrillation was found to be not associated with survival in ischemic stroke (p=0.063). Table 1 shows the demographics and concurrent diseases of patients.
Thirteen patients had a right hemiparesis, 26 had a left hemiparesis and 23 had a bilateral stroke. Out of 23 bilateral stroke patients, 18 patients died. Bilateral stroke frequency was statistically significantly higher in deceased patients (p=0.005) ( Table 2) . Fifty-two (83.87%) of the patients had acute cerebral stroke attacks for the first time and 10 (16.13%) had their second attacks. Survival rates between first-time stroke patients and second-time stroke patients were not significantly different (p=0.097). The duration of hospitalization was 3-216 days in patients who were discharged and 4-839 days in patients who died. There was WBC values were 11.75±4.59x10 3 /mm 3 in discharged patients and 11.40±4.57x10 3 /mm 3 in deceased patients (p>0.05). In addition, neutrophil values were measured as 8.84±3.92x10 3 /mm 3 in discharged patients and 9.57±4.39x10 3 /mm 3 in deceased patients (p>0.05). Also, there was no statistically significant difference between discharged and deceased patients regarding Troponin-T and CRP levels ( Table 3 ). The biochemical measurement results were shown in Table 3 .
At the time of the first admission, MPV values were 10.59±1.01 fL in discharged patients and 11.29±1.12 fL in deceased patients (p=0.029). At the end of the study, we found that MPV values of deceased patients (11.46±1.28 fL) were significantly higher than discharged patients (10.47±0.74 fL) (p<0.001).
Discussion
The aim of this study was to determine MPV values in acute ischemic stroke patients and to investigate its effect on the prognosis of ischemic stroke. Our study showed that deceased patients had higher MPV values than survived patients. As a consequence, MPV may have an importance in determining the prognosis of acute ischemic stroke.
Epidemiological studies have identified predisposing risk factors for stroke, and have shown that stroke risk can be reduced by treatment and modification of these risk factors (2, 8, 9, 10, 11, 12, 13) . It has been shown that the risk of stroke increases with the progression of age, and 70% of people with stroke are older than 65 years (8) .
Consistent with the literature, our study was included elderly patients and the mean age of the patients was 72.4±12.7 years. Modifiable risk factors for stroke include diseases such as hypertension, diabetes mellitus, atrial fibrillation, hyperlipidemia, asymptomatic carotid stenosis, and habits like smoking and alcohol use. It has been shown that the decrease in systolic blood pressure 
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Data was given for quantitative variables as mean ± standard deviation or median (minimum-maximum value) according to the normal distribution suitability, and for qualitative variables as frequency (percentage). P<0.05 was considered as statistically significant. Data was given for quantitative variables as mean ± standard deviation or median (minimum-maximum value) according to the normal distribution suitability, and for qualitative variables as frequency (percentage). P<0.05 was considered as statistically significant by 10 mmHg and diastolic blood pressure by 5 mmHg reduces the risk of stroke by 30-40% (9) . Also consistent with the literature, 95% of our study group had comorbid diseases and 61% of them had hypertension. However, our study showed no association between hypertension and survival in acute ischemic stroke. Patil et al. (7) conducted a hospital-based cross-sectional study in 79 stroke patients (25 diabetics and 54 non-diabetics). They found that MPV values were to be higher in the diabetic group.
In a prospective study of 200 diabetic patients conducted by Han et al. (10) , it was shown that after 28.4 months of follow-up, 14 patients developed ischemic stroke and eight patients developed coronary artery disease. Further, stroke and coronary artery disease development rates were higher in patients with high MPV values. In the same study, it was proposed that MPV is a predictive factor for stroke and coronary artery disease development, independent of age, gender, hypertension, and HbA1c values. In our study, 23 patients had diabetes mellitus as a concurrent disease. In contrast to Han et al. (10) 's study, we did not observe any effects of diabetes mellitus on survival of acute ischemic stroke patients. An association between stroke and atrial fibrillation as a predisposing factor has been shown in various previous studies (11, 12) .
In a prospective study that followed up 90 paroxysmal atrial fibrillation (PAF) patients, it has been observed that 31 patients developed stroke (11) . The same study concluded that MPV levels may help to determine the increased risk of developing acute or transient ischemic attacks in patients with PAF. In a study comparing 63 stroke-atrial fibrillation patients and 77 non-stroke atrial fibrillation patients, it was determined that MPV values bigger than 9.4 were associated with stroke development. The aforementioned study indicated an increased risk for stroke in patients with atrial fibrillation according to ROC analysis data (12) . In our study, seven of eight atrial fibrillation patients passed away after getting an acute ischemic stroke attack. However, our study showed no association between atrial fibrillation and survival in ischemic stroke (p=0.063). In our study, we found the mortality rate to be high. This may be due to the fact that the number of patients is high with bilateral affected brain region in the deceased group. It may also be due to the high number of patients with atrial fibrillation in the dying group.
Previous studies that investigated the impact of MPV levels on prognosis of stroke patients showed different results. In a study conducted by Farah and Samra (13) in 2018, no association was found between MPV values of stroke patients and development risk of a new stroke attack. In the study with 136 participants by Oz et al. (14) , it was found that MPV has no value in predicting the development of a cerebrovascular event in coronary artery disease. In addition, a previous study which compared MPV values of 70 first time atherothrombotic acute ischemic stroke patients, 50 transient ischemic attack patients, and 70 healthy individuals, no statistically significant difference was found between the groups (15) . Another study by Nataios et al. (16) measured MPV values within the first 24 hours after the onset of stroke and found that MPV levels were not associated with stroke severity and limitation of neurological functions. Further, a retrospective study by Lok et al. (17) in 2017 which 798 first time acute ischemic stroke patients participated, showed that MPV values were not associated with short-term stroke prognosis and neurological functions. Also, a study compared MPV values of 281 first-episode acute ischemic stroke and 164 first-episode hemorrhagic stroke patients and found that MPV values were high in both groups but it is not associated with the prognosis (5) . In contrast, in a 2017 study conducted on 100 acute cerebral infarction patients and 80 healthy controls by Wan and Ma (18) , it was found that MPV values were high in the patient group. The same study suggested that MPV may have the potential to be a sensitive index for the prediction of acute cerebral infarct prognosis. Similarly, a study conducted on 776 patients with acute or transient ischemic attacks by Greisenegger et al. (6) which evaluated patients with Rankin scale after one week from the stroke attack, observed that higher MPV values were associated with worse clinical outcomes. In addition, a correlation between high MPV values and severity of stroke was observed in a study which 100 first time stroke patients participated. The same study suggested that this finding could be used to differentiate between mild and severe ischemic stroke (19) . Furthermore, Arikanoglu et al. (20) found that MPV levels were high in 63 acute ischemic stroke patients. Also, a previous study observed that patients who passed away within 10 days after the acute ischemic stroke attack had higher MPV values than survivors, and suggested that it could be used as an indicator for mortality. In a prospective study conducted by Arévalo-Lorido et al. (21) , MPV values of 379 stroke patients were examined. As a result of the study, it was found that those with high MPV (>12) had low survival or high rate of re-hospitalization, and functional disabilities were developed mostly in this group. Another study also conducted by Arévalo-Lorido et al. (22) in 215 atherothrombotic stroke patients, observed an association between high MPV values and severity of carotid stenosis. Moreover, a study which included 692 patients with ischemic or hemorrhagic stroke and 208 healthy controls, high MPV level was found to be an independent risk factor for the development of ischemic stroke, and was associated with poor prognosis, but not with the risk of hemorrhagic stroke (23) . In a previous prospective study which 3134 patients participated, 402 ischemic events in 383 patients were observed and found that the risk of stroke attack increased 11% in patients with high MPV values (24) . In parallel with some mentioned studies, we observed worse clinical outcomes in acute ischemic stroke patients with higher MPV levels in our study. Our result suggests that high MPV levels may be considered as a risk factor in patients with acute cerebral ischemic stroke, and may be associated with high morbidity and mortality. It also indicates that high MPV levels may be used as an indicator to differentiate severe ischemic stroke from mild ischemic stroke. According to our study's results MPV which is an easily obtained blood parameter may be an indicator of poor prognosis and high mortality. We also observed that platelet count was higher in survived patients than deceased patients. When we evaluate our results on MPV and platelet count together, we suggest that there may be a connection between platelet dysfunction and poor stroke prognosis.
Also, some previous studies suggest that MPV values can be used for predicting the treatment outcomes in ischemic stroke patients. In a 2018 study conducted by İnanç et al. (25) , MPV values of 129 stroke patients were found to be associated with neurological scale score improvement after intravenous thrombolytic therapy.
In addition, a previous study by Ha et al. (26) in which 200 atrial fibrillation patients participated, suggested that MPV is a predictive factor for stroke development, independent of age and gender. They also suggested that anticoagulation treatment may be necessary for patients with high MPV values, even if they have low or moderate thromboembolic risk for a stroke attack. A 2017 study evaluated elevated MPV levels of 196 non-cardioembolic ischemic stroke patients before clopidogrel treatment as a risk factor for ischemic stroke treatment resistance (27) . Similarly, we found higher MPV values in deceased patients both before and after the treatment. Considering this finding, we suggest that high MPV values may be an important factor for treatment resistance and can be used as an independent predictor of poor prognosis in ischemic stroke patients.
Previous studies showed that the effects of a stroke attack depend on the part and size of the brain area affected. Pikija et al. (28) found that high MPV level was independently associated with greater infarct volume, and its value at 7 th day and third month after stroke was associated with increased risk of death in 81 acute ischemic stroke patients. Similarly, we observed that stroke patients with bilateral hemisphere involvement had an increased risk of death.
Conclusion
This study showed that MPV and platelet count may be associated with survival rate in acute ischemic stroke patients, and may be used as prognostic indicators. With conforming future large-scale prospective studies in stroke patients, our findings may lead to better clinical follow-up and a more extensive understanding of stroke pathogenesis.
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